Introduction
Cartilage is a very suitable graft material because of its nutritional characteristics, low cellularity and high anaerobic metabolism, which allow survival during fairly long periods of hypoxia [1, 2] . Also, it does not require functional stimuli to maintain its bulk, nor contact with the same kind of tissue for survival [3, 4] In oral and maxillofacial surgery, the use of cartilage fragments from the trachea [5, 6] , nasal septum[71, costochondral junction [8] and epiphiseal cartilage [8, 9] has become more frequent. Among these, hyaline costal cartilage seems to show the highest graft survival rates after transplantation [4, [10] [11] [12] .
HUMPHREY and WHITE [12] considered the importance of the protective nature of the cartilagenous matrix, which prevents invasion by inflammatory cells from the host.
TULIO [13] observed that costal cartilage grafts transplanted to the mandible of rats, on a receptor bed composed mostly of cortical bone and without any means of fixation, survived for up to 120 days and showed some growth.
Several authors consider that the perichondrium is fundamental for graft survival and appositional growthr13-161. Therefore, the present study was designed to evaluate in detail the role of the perichondrium in the behavior of autogenous costal grafts.
Materials and Methods
For the present investigation, 72 male albino (Rattus norvegicus var albinus , Wistar) were employed. The animals weighed 300-350g and were maintained on a solid diet, except for the first 24 h postoperatively. They were divided into two groups according to the type of graft used, with or without the perichondrium.
Graft removal
Under general anesthesia induced by intraperitoneal injection of 50mg/kg body weight thionembutal, the left thoracic and malar regions were depilated. The animals were then positioned in a supine position and immobilized by the head and extremities, allowing access to the areas of interest. A no. 15 blade was used to incise the skin and subcutaneous tissue over the last rib, with an extension of approximately 10 mm. The muscle plane was divided with scissors and a 5mm-segment was removed from the last rib. A no. 11 blade was then used to remove soft tissue debris, involving the perichondrium in half of the specimens (36 animals), and the graft material was placed in saline, while the host bed was prepared.
Grafting procedure
While the rats were still under general anesthesia, a 10-mm skin and subcutaneous incision was made over the region inferior to the left malar bone. The muscle plane was divided with scissors and the periosteum was incised. A lowspeed no. 703 burr was then used under irrigation to prepare a cavity of about 4x 2mm on the malar process. The cartilage graft was then adapted to the cavity, and the grafting procedure took approximately 7 min for each animal in both groups. All surgical wounds were sutured with 5-0 polyvicryl. All animals then received an individual intraperitoneal dose of 16,000 i.u. penicillin G benzathine.
Histological preparation
Six animals in each group were sacrificed after 5, 10, 20, 30, 60 and 120 days postoperatively. The zygomatic arches were dissected out en bloc, fixed in 10% formalin solution for 24 h and then subjected to routine laboratory procedures to obtain 6-mm thick semi-serial sections, which were stained with hematoxylin and eosin for histological analysis.
Results

days
Control group: The grafted cartilage, apparently vital, was surrounded by neutrophils, and moderate numbers of lymphocytes and histiocytes and small blood clots were seen. In other areas, slight to moderate proliferation of capillaries and fibroblasts was evident.
Treated group: The cartilage was apparently vital. Close to the graft, an intense neutrophilic infiltrate, small amounts of blood clots and moderate numbers of histiocytes were found. 10 days
Control group: In all specimens, the cartilage was vital ( Fig. 1 ) and evident growth was observed in some cases. Poorly differentiated newly formed connective tissue, infiltrated by moderate numbers of lymphocytes surrounded the grafts. Some histiocytes and plasma cells were also seen in the same areas.
Treated group: Part of the cartilage was resorbed and the remaining portion was apparently vital. Fibroblast-rich connective tissue, infiltrated by moderate numbers of lymphocytes, was associated with the grafts (Fig. 2) . In most specimens, the connective tissue close to the cartilage exhibited numerous multinucleated cells and an intense infiltrate composed of histiocytes and lymphocytes.
Control group: After 20 days, the cartilage was vital and showed definite growth in most cases. Adjacent to the material, fibroblast-rich connective tissue, infiltrated by occasional lymphocytes, was observed (Fig. 3) . In one specimen, the perichondrium showed slight discontinuity and newly formed connetive tissue filled the area affected. The latter showed well vascularized connective tissue and Fibroblast-rich connective tissue is infiltrated by moderate numbers of lymphocytes. 10 days. Hematoxylin and eosin stain (x160) newly formed trabeculae.
Treated group: The cartilage showed only a few cells apparently vital. The grafts were associated with well vascularized connective tissue (Fig. 4) with small numbers of lymphocytes and some multinucleated cells. The grafted tissue was resorbed in several areas, which were filled with newly formed trabeculae (Fig. 5) or well vascularized fibroblast-rich connective tissue.
Control group: The cartilage was vital and showed slight to moderate growth. Fibrous tissue was present parallel to the perichondrial surface in most cases. Newly formed trabeculae wese evident adjacent to the perichondrium.
Treated group: The cartilage, with few apparently vital cells, shows several areas of resorption. Besides the newly formed bone which partially filled the resorption lacunae, connective tissue was found adjacent to the material. Some multinucleated cells were present. In some cases, the graft had been grossly resorbed and numerous multinucleated cells were seen. 60 days Control group: After 60 days, more intense growth was found (Fig. 6 ) in most specimens, in comparison with the previous group. Several times, the newly formed cartilage was seen in proximity to newly formed bone. In other instances, the graft was close to fibrous connective tissue. Treated group: In most cases, approximately 2/3 of the cartilage had been resorbed, and loose connective tissue (Fig. 7) or small bone spicules had substituted the grafted material. In one specimen, the graft remained almost whole, apparently non-vital and displayed small areas of resorption. 120 days Control group: After this, the longest period, the grafts had grown a little more in some specimens, compared with the previous stage. Between cartilage and bone, a small space was generally present (Fig. 8) .
Treated group: In all specimens, small portions of the graft were localized among newly formed trabeculae (Fig. 9) . The treated specimens were also well accepted, as one would expect for autogenous material, although the proportions of resorption became greater with time. In fact, deterioration of cartilage after grafting is not well characterized, and the exact mechanism involved is unclear [18] .
Although several workers have studied the role of the perichondrium in cartilage grafting, the question of graft growth is still controversial.
EISEMANN [19] carried out an experimental study in rabbits, where auricular cartilage was grafted with or without perichondrium, or isolated perichondrium, into the pelvis musculature, neck musculature and rib. The author demonstrated that both kinds of graft grew both in extent and thickness, indicating that the perichondrium was not necessary for growth of the grafted cartilage. The chondrogenic potential of free perichondrial grafts thus seems to be inconsistent. In the present study, growth was always associated with the presence of the perichondrium.
TAKAT [20] observed induction of cartilage neoformation from host tissue, employing auricular cartilage grafts. In our study, all the growth observed in the control group was appositional at the expense of the inner perichondrial layer. However, the perichondrium was not responsible for bone neoformation around the grafts. Endochondral ossification was not found in the control group, as suggested previously [8, 21, 22] . Bone neoformation was more intense close to the treated grafts, and some morphological aspects appeared to suggest endochondral ossification in such cases. In fact, SCHAFFER [22] described higher indices of ossification after transplantation of devitalized cartilage. SouzA [1] observed in rabbits that the degree of trauma of the perichondrium is directly proportional to the resulting alteration of metabolism in newly formed cartilage, with degeneration, necrosis and bone neoformation.
It is probable that removal of the perichondrium in the treated group, with associated trauma and devitalization, was responsible for the higher rates of resorption and bone neoformation in such cases, and therefore perichondrial removal should be done when faster substitution of grafted material is required.
